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Gl ossary

Angstrom Unit-a wunit of Ilength convenient for nmeasuring the
wavel engths of |[|ight observed mast often in astrononic-al spectral
observations. It is equal to 1078 cm

Astrononical Unit-The nmean distance from the earth to the Sun.
It is equal to 1.493 X 10 18 ¢m

Bond Albedo-The ratio of the total radiation reflected in all
directions from a solar system object to the total incident flux.

El ectromagnetic Spectruma division of electromagnetic
radiation according to wavelength of the radiation.

Geonetric Albedo-the ratio of the brightness of a solar system
object to the brightness of a perfectly diffusing disk at the
same distance from the Sun.

Obital FPhase Angle-The angular position of planetary satellite
in orbit about its prinary object as neasured from the point of
superior geocentric conjunction.

Phase Integral-the integral over all directions of the function
whi ch describes the directional scattering properties of a
sur face.

Sol ar Phase Angle—-The angular distance between the Sun-the



obj ect wunder observation and the earthbased observer.

Superior Geocentric Conjunction— The point in a planetary
satellite’s orbit where it is directly opposite the earth such
that the satellite lies on straight line connecting the earth the

planet and the satellite.



INTRODUCTION

The ultraviolet spectral region is inportant +to the entire
community of astrononers from those who study nearby objects such
as the earth’s noon to those who study objects at the edge of the
obhservable universe. From the prospective of a planetary
astrononer, the spectral information is inmportant for determning
the conposition of, and understanding the physical processes
which are otcurring on, the surfaces and atnospheres of sol ar
system objects.

Spectrophotometry of solar system objects at wavelengths
shorter than ~3000 Angstroms has |ong bees. desired by astronomers
in order to conplenent observations nade by groundbased
tel escopes at |longer wavelengths. However, the presence of ozone,
a strong absorber of wultraviolet 1ight, in the earth’'s upper
at nosphere prevented astronomers of the 1950°'s and earlier from
observing the universe in this inportant spectral region.

The ultraviolet wavelengths were not observed until the
space age when astronomical instruments could be deployed above
the earth’s atnosphere. A spacecraft provides a platform from
whi ch astrononical observations of Ilight that has not been
subject to the absorptions of the earth's atnospheric gasses.
Thus, the space revolution dramatically enhanced the ability of
astrononers to access the full spectrum of el ectromagnetic
radiation enmtted by ecelestial objects.

In the 1950°'s a series of rocket flown instrunents began
slowly to reveal the secrets of the ultraviolet uni verse. The

first photoneters and spectroneters were flown on unstabilized




fAerobee rockets. They remained above the ozone |ayer for several
tens of minutes while they scanned the sky at ultraviolet

wavel engt hs. By the early 1960°'s spectronmeters on three axis
stabilized platforms |aunched by rockets on sub—orbital
trajectories were able to wundertake observations wth sufficient
resolution such that individual spectral lines could be resolved
in the target bodies.

Shortly thereafter, the mlitary |aunched an ultraviolet
spectronmeter into earth orbit. This was followed closely by
MASA's launch of the first Obiting Astronom cal Observatory
{0AD) satellite in 19464. These space platforns permtted long
duration observation% conpared to what was possible from a rocket
launch on a sub-orbital trajectory. By 1972 the third spacecraft
of the OAD series wa5 |aunched. It was designated the Copernicus
spacecraft and was an outstanding success.

In Europe, a parallel developnent pattern for exploring the
ultraviolet sky was underway using sounding rockets +followed by
orbiting spacecraft. By 1272 the European Space Research
Organi zation had |launched a spacecraft dedicated to wultraviolet
astronomy. These parallel developnent-s set the stage for j oi nt
US-Eur opean collaboration, the International Utraviolet Explorer

satellite <(IUE)}.

I1. The International Utraviolet Explorer Spacecraft

The |1UE spacecraft was |aunched into eccentric

geosynchronous orbit on =26 Jan 1978. The project evolved as a

col |l aborative effort between the National Aeronautics and Space




Adm nistration (NASAY in the United States, The British Science
and Engineering Research Council (SERB) and the European Space
Agency (ESA). It is operated in real tine 16 hours a day from a
ground station at NASA's Goddard Spaceflight Center in Greenbelt
MD in the USA and for Q hours a day from the ESA ground station
at Villefranca Spain. From ite orbital position it is able to
observe any obiject outside of a 45 degree cone angle from the
Sun. Hence, the planet Mercury (and the Sun itself) are the only
objects for which IUE is abservationally constrained. A prelaunch
photograph of the spacecraft is shown in Figure 1. An artists
sketch of the IUE spacecraft in orbit apout the earth is shown in
Figure 2.

The IUE spacecraft is equipped with a telescope Wth a 45
cm primry mrror and with spectrographs operating at two
wavel ength ranges, one in the far ultraviolet (1150-2000
aAngstroms, and the other in the md-ultraviolet range (1200-3200
Angstroms. The guest astrononmers are awarded telescope tinme based
on the quality of the observations that they propose.
In the period since |aunch, nore than 1700 guest astronomers have
traveled from every populated continent in the world to one of
the ground stations to undertake observations with the IUE.

Table | summarizes the relevant spacecraft and instrunental

paraneters of the IUE.

[Insert Table 1 3




[Il. Nature of Solar System Observations

Most astrononmers observe objects that have their own
intrinsic energy source such as stars and gal axies. However, nost
of the observations undertaken by planetary astronomers are of
targets that not emt their own radiation but are observable only
because they reflect the sunlight that falls on them 1In the case
of splar system observations with IUE this presents several
pr obl ens.

First, the IUE spectral response gets weaker W th decreasing
wavel ength and so does the Sun"s energy output. The energy output
of a typical w=solar system object when observed with IUE will
change by 1 1/2 orders of magnitude over IUE‘'s spectral range.
This exceeds the dynanmic range of the detectors and therefore
several spectra nust be taken of increasing exposure in order
that the entire spectral range can be covered.

Furthernmore, the observed 1light from a solar system body is
reflected sunlight and therefore the contribution o0-? the solar
spectrum to the spectrum observed must be renpved in order to
understand the spectrum of the object. The acguisition of a good
solar spectrum in the ultraviolet range is no easy task. In
addi tion, below 1800 angstrons the spectrum of the sun is
variable. Therefore, a sinultaneous spectrum of the sum (oOr the
reflection spectrum from an ebiect whose spectrum is well
understood) nust be gathered at the sane tine that the IUE
observation is undertaken.

Lastly, =plar system objects change positions against the




background of stars in the course of am individual observation.

In most cases special tracking rates nust be calculated prior to
each I UE observing run in order to know the change of the
position of the target with time.

IUE has observed every planet in the solar system except

Mercury. It has also observed many of the larger planestary
satellites selected asteroids and comets. This data set has
provided inportant information regarding the atnosphere and

surfaces of solar system objects.

A primry goal of a solar system astronomical observing
program is to determine the Hond albedo of the object under
study. The EBEond albedo of a non luminous object is defined as the
total radiative flux reflected in all directions to the total
incident flux. If S is the solar enerqgy flux at the earth's
orbit, then the anobunt of energy inpinging on a solar system
object of radius rat a distance R (in astronomical units) from

the sun is:
T
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If an observer were exactly on the =sun-object line {(sclar
phase angle = O) a fully illuminated disk would be seen when
observing the object. The intensity measured in this case is
defined to be C<O). In general , an observer 1is not exactly on the
sun—object line, and therefore a different intensity Cia) will be
observed , where a is the solar phase anglie. The phase function,
E(a) is defined as the ratio of the intensity at zero phase angle

to the intensity at phnase angl ¢ a. Inthis more general obserwva—



tional circunstance, the rate at which the obiect reflects radia-—

tion in all directions is then,
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where d is the distance bhetween the observer and the object.
The Bond albedo, A, s then

A= ((d**2 * R#x2 % C(O) / (r#*2 * 5) ) %2 ¥ intm,pi; {2}
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divided into tw parts, the phase integral, g, and the geometric

albedo, p, where:

q= 2 int{(0,pi)R{(a) sin(a)
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The geometric albedo is the ratio of the brightness of the obiect

to the brightness of a perfectly diffusing disk of the same

Fadins at the same distance from the sun. and 15 often vneed tio




make conpositional identifications of +the mterials in the

at nosphere or on the surface of a solar system abject.

the planets in the solar system (and a few planetary satellites)
are surrounded by atnobspheres. In some cases the surface of the
object is seen through its atnosphere and in ethers it is not.
All of the planets with atnospheres absorb ultraviolet |ight and
as a result ultraviolet observations of the planets provide
in-Formation on the conposition of, and processes Wwhich are
occurring in, the wbject s atnosphere.

In general, the atmospheres of the terrestrial planets
(Mercury, Venus , Earth and Mars) are thought to be secondary
at nospheres which evolved after the primordial atnospheres were
lost. However, the atnosphere of the four giant planets (Jupiter

Saturn, Uranus and Neptune) , because O0f their strong
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gravitational attraction and conparatively |ow tenperatures,
retained the prinordial , cosmically very abundant, but very low
atomic nmss elenents particularly hydrogen and helium
Broundbased observations also identified nethane and amonia in
the atnospheres of the giant planets and therefore atnospheric
processes N ght create a host of daughter products which can be
detected with IUE.

Sunlight entering a planetary atnosphere can experience Of
initiate a wide variety of processes Wwhich contribute to the
total energy enitted by the object and abserved by a an
ast ronomi cal facility such as IUE. The interpretation of an
ultraviolet spectrogram can be an arduous task given that the
bands and lines observed in the spectrum may arise from a
conbi nation of processes.These include:

1} Single and nultiple scattering of photons by aerosols t(haze
and dust) inm the planetary atnopsphere.

2) Absorption of the ultraviolet light by atnospheric species.

X)) Stinmulation of an atnospheric gas by incident sunlight and
emission by fluorescence. chemi |um nescence, ar resonant
scattering.

4) Fhotoionization and photodissociation reactions that produce
a reaction product in an excited state.

5) Excitation of gas by precipitation of magnetospheric
particl es.

Each of these processes is associated with a well understood
physi cal mechanism the details of which are beyond the scope of

this article. The reader is referred to the obvious titles in the




reference section.

A limted wavelength facility such a IUE can identify some
but not all of the constituents present and processes ongoing in
a planetary atnosphere. The IUE data have been used in
combination with groundbased observations and observations by
other spacecraft (including fiyby missions) to develop an
understanding of planetary atnosphere under investigation.

The followng discussion summarizes the IUE results for each
body.

Venus. The very dense Venus atnosphere has been known for
more than half a century to be conposed principally of carbon
dioxide. Wthin a few years of *aunch |UE identified several
i mportant trace constituents including nitrogen oxide and
confirmed the presence of several others including sulfur
di oxi de.

Spectra of the Venus dayside and nightside have been
obtai ned while Venus was near elongation. The detection of
absorption bands at 20B0O-21B0 Angstroms was associated with 502
gas. These observations permt a colum density of 802 in the
atnrosphere to be calculated which when conbined with ‘the colum
densities reported by the Pioneer Venus orbiter and wth
groundbased observations this provides a measure of the SU0Z
mixing ratio with altitude and its variation at the top of the
cl oud deck.

Observations of the VYenus nightside have led to the
identification of the Venus nightglow which is caused by the
em ssion bands of nitric oxide. Because of the short lifetinme of

NOZ on the nightside this finding implies the rapid dayside



nightside transport of material in the Venus atnosphere.
bservations of the Venus dayside have lead to the discovery
that the dayglow emission is carbon nonoxide fluorescence;
probably due to fluorescent scattering of e=olar Lyman alpha
radi ation.
The Venus clouds are very thick and the surface is never
visible to a renpte observer. Therefore, IUE has shed no direct

information on the nature of the Venus surface.

Mars. The atnosphere of Mars like that of Venus is also
domi nated by carbon dioxide however on Mars the atnobsphere is not
as dense. Therefore |UE observations of Mars have revealed
information about both its atnobsphere and its surface. Shaortly
after launch IUE detected ozone over the southern region and
subsequent observations studied the s=seasonal variation of ozone
on Mars. In general, the ozone is in greatest abundance where the
at nosphere is dry and cold. The Martian surface has been found to
be spectrally featureless at the IUE wavelengths and the planets
albedo in the ultraviolet is about what it is at visual

wavel engt hs about ©.1.

Jupiter. The spectra. geometric albedo of Jupiter as
measured by IUE is shown in Figure 3. Most of this spectral
behavior is attributable to hazes which are high above the cloud
deck. The solid line in the Figure shows the change in geonetric
albedo as a function of wavelength as predicted by a conputer

nodel which simulates the astronom cal observation. The best fit




nmodel to the “data occurs for a Jovian cloud deck with a geonetric
albedo of ©.25 and for a haze composed of particles with a single
scattering albedo of ©.42. Wile such a result may not be able to
provide an unanbiguous identification of the mterial which
conposed the haze, it can constrain the eligible candidate
materials that are suggested by other observations.

In addition to the nmmjor atnospheric species that have been
identified in the Jovian atnosphere +rom groundbased observation
(hydrogen, helium nmethane and ammoni a) IUE discovered
ultraviolet absorptions which 1ed to the identification of
acetylene. Figure 4 shows the ILIE spectrum of Jupiter in the
range 1700-1800 angstrons. A =x+lar spectrum is also shown for
compari son. The strong absorption features at 1715, 1735, 1755
and 1775 angstroms (indicated by the arrows) are considered to be
positive and unanbiguous evidence for the presence of acetylene
(C2H2) in the Jovian atnosphere. The mixing ratio of acetylene to
hydrogen has been Found to be 2.2X10°.

| UE observations have also permtted a mxing ratio for
amonia to hydrogen to be calculated and it is found to be 5 X 10
=7 The fact that IUE is able to observe the absorption features
of these species indicates that they are above the Jovian
tropopause where the clouds create an opague barrier to light
emtted from the material underneath and hence make spectral
identification of the underlying material impossible.

Attempts to match the Jovian spectral geometric albedo wth
nodel at nosphere of HoyNH=y CoHoy CoHg, indicate that the other
still unidentified absorbers my be present. Sone candidate

absorbers such as CO have been searched for with IUE but have
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been undetect ed.

Enmi ssions of the hydrogen Lyman alpha line and the bands of
nol ecul ar hydrogen have been detected in the Jupiter atnobsphere
with IUE. They are thought to be associated with polar auroral
activity originating from particle inpact excitation processes.
Jupiter’'s auroral displays are the most energetic in the solar
system Synoptic observations of these enissions using IUE have
shown that they vary with Jupiter ‘5 magnetic (not planetary)
longitude and hence these emissions are magnetospheric and not
at nospheric phenonena. IUE observations have been used to
construct a spatial map of the Lyman alpha emission and the data
indicate that the emtting material is upwelling at about SO
nmsee relative to the surrounding nmaterial.

An equatorial bulge has been cbserved in the Lyman alpha
emission which has been continually present but changed in shape
for many vyears. This bulge has been associated with an anomaly in
the Jovian magnetosphere that is mot well understood.

The IUE discovery Of emissions in the vicinity of Jupiter’'s
nmoon Io has led to the identification of several ionized species
of sulfur and oxygen. The origin of the =sulfur and oxygen is the
surface of Io itself. Io is the most volcanically active body in
the splar system and these gasses are ejected by the voilcanoces.
The process by which material is transported from the vol canoes
to the atnobsphere has been a lively topic of debate in the
pl anetary science community for several decades.

The Voyager spacecraft detected sulfur dioxide gas in

regions localized over Io‘s hot spots. This led to the incorrect



assunption that the S0,gas was distributed planetwide in the

same abundance and that Io had an atnosphere of some
significance. However, IUE observations of the entire Io disk
were unable to detect any 80, gas and if the gas was uniformly
distributed then IUE should have been able to detect it. The |UE
observations are an inportant piece af evidence in support of Io
having only a very tenuous atnosphere that is only of significant
over los hot spots or volcanoes. The |UE results have been
confirmed by subsequent observations by the Hubble Space

Tel escope.

Sat urn

The spectral geonetric albedo of Saturn as determined by IUE
is shown as a solid line in Figure 5. The broken line is a best
fit nmodel to the data which assumes a hydrogen atnosphere above a
honobgeneous cloud deck with a reflectivity o-F about 0.2 The
colum density of the hydrogen above the clouds is about = km
atm.

IUE has discovered absorption features in the ultraviolet
spectrum of Saturn which have been associated with acetylene in
the upper atnosphere. The mixing ratio of the acetylene is about
1t X 10 ‘. Although acetylene is a well known strong absorber of
ultraviolet radiation, it alone cannot explain the |ow UV
spectral geonetric albedo of Saturn that has been reported by
IUE. Oher wultraviolet absorbing materials must be present. Other

absorbers have been searched for but to date no | ogical

candidates have besn found.




Pole to pole mapping studies of the Hydrogen Lyman al pha
em ssion across Saturn’'s disk have discovered pronounced spatial
assymetries in the emssion. Other observations of hydrogen do
not find a variation in intensity with rotational periocd as wth
Jupiter. There is no rotational bulge in the Lyman al pha
em ssion. This i= probably due to the fact that Saturn’'s magnetic
pole is coincident with the rotational pole while in Jupiter’s
case, the poles are offset. The Saturnian auwrorae are believed to

be analogous to the terrestrial aurorae.

Ur anus

Uranus presents a unique observational circunstance to the
i nner solar system observer because of the fact that its pole is
inclined at 89 degrees to the ecliptic and that at the present
position in its 84 year orbit about the sunm it presents its pole
to the earth. |-his wunusual inclination conbined with its great
di stance from the earth makes it inpassible to use an instrument
such as IUE to undertake pole to pole comparisons as was done
with Jupiter and Saturn. The size of the Uranus disk is too small
compared to IUE's aperture and onle one pole of Uranus has been
seen during IUE's |ifetine.

Voyager spacecraft observations of Uanus +Found a very small
internal heat source conpared to the large internal heat sources
found at Jupiter and Saturn. This nmeans that there is very little
atmospheric mxing by eddy currents inm the Uranian atnosphere.

Thus, the IUE observations are able to sense a deeper region of



the atnosphere.

In order to increase the signal to noise ratio, IUE
observers have wused principally low resolution observations and
have binned broad wavelength regions together to search for broad
band absorbers at ultraviolet wavelengths. IUE observers have
been able to nmeasure nolecular hydrogen columm densities deep
enough that they can fit scattering models consistent wth
hydrogen Raleigh scattering only in the planet’s atnosphere to
the low resolution spectral data.

The acetylene absorption seen in the spectrum of Jupiter
and Saturn are also seen in the spectrum of Uranus. Based on
these observations the mising ratio of the acetylene i s estinmated
to be T X 10°,

Uranus has a geonetric albedo at IIJE wavel engths of about
0.5, nmore than twice that of Jupiter and Saturn. This i5
consistent with the hypothesis that additional wunidentified
absorbers are present in the Jovian and Saturnain atnospheres

that are not present in the atnosphere or Uranus.

Nept une

Neptune is 50 distant from IUE that only broad band
ultraviolet nmeasurenents are possible. Most of the inportant data
for Neptune at wultraviolet wavelengths has cone from the
ultraviolet spectroneter on board the Voyager spacecraft. While
no atnospheric species have been identified in Neptune's
at nosphere on the basis of |UE observations the IUE observations
have found the geonetric albedo of Neptune to be ©.5, which Ilike

that of Uranus, IS twice that of Jupiter and Saturn.




Pl uto

Pluto and its large satellite Charon are at great distance
and are quite small conpared to the -four gas giant planets that
populate the outer solar system. Nevertheless, IUE has been able
to obtain a +few spectra of these objects and it has been observed
that the ultraviolet albedo of these objects changes as they
rotate. The size of the rotational variation as neasured at
ultraviolet wavelengths by 1IUE is larger than the rotational
variation that is neasured at longer wavelengths by earthbased
observers. This is consistent with the presence of an absorbing
material being present on the surface that is spectrally active
in this wavelength range. The conposition of the absorbing

material is unknown.

Titan and Triton.

Saturn’'s s=atellite Titan and WNeptune’'s satellite Triton are
anong the largest satellites in the solar system In addition
they are far from the sun and therefore the reduced solar eneray
i nput keeps the atnospheric gasses cold enaugh that they cannot
easily escape by thermal processes.

Groundbased and Voyager spacecraft observations have
identified nethane as a mmjor constituent of Titan ‘s atnosphere.
Nitrogen has alsoc been suggested as an atnospheric constituent
but it is difficult to detect although its presence is inferred.

A few IUE observations of Triton indicate that the




satellite’s wultraviolet Dbrightness wvaries as Tri ton rotates. |Its
albedo varies from about ©.42 to about ©.58 from one hem sphere
to another. This observation has not been confirmed by the
photopolarimeter on the Voyager which measures the albedo at the
same wavelengths as IUE. The photopolarimeter on Voyager neasured
an albedo of 0.5% on all sides of Triton. This difference between
the two results may indicate that observations of faint objects

such as Triton test the limits of IUE's sensitivity.

IV. Solid surface bodies

The objects descr bed previously are all possess atnospheres
which contribute significantly +to their wspectral behavior.
Astronom cal observations of such bodies search for and neasure
the depths of absorption bands in the spectrum These bands are
unique to specific absorbing gasses. Thus it is possible to
identify or elinmnate particular gasses as candidate naterials in
the atnospheres of these objects.

Many solid state materials which conprise the surfaces of
solar system objects also are characterized by spectral
absorption features and thus it is possible to identify or
constrain the abundance of =olid surface conponents on the
surface of these objects. This is acconplished by conparing the
spectral geonetric albedo of the object with the reflection
spectrum of the solid state materials as neasured in the
| aboratory.

IUE had made extensive studies of the bright satellites of

Jupiter and has also studied the satellites of Saturn and U anus.




By far, the most extensive study has been of Jupiter’'s Galilean
satellites 1o, Europa, Ganymede and Callisto. Mre than 300
usabl e spectra of these objects have been taken of these objects
over the lifetinme of IUE.

The very high spatial resolution provided by Voyager images
shows that the Galilean satellites, particularly Io, are
variegated in color on continental scales. Conpositional
information may be derived from high spectral resolution studies
from earth or near earth orbit because the satellite’'s
synchronous rotation permts any given +ull disk observation of a
satellite to be associated with a wuniquely defined hem sphere Lt
that particular object. The extension of the available spectral
range to shorter wavelengths wth IUE enhances this data set by
permtting the identification of nore absorption features thereby
providing further constraints on the conpositional models that
have been devel oped.

One of the first set of wultraviolet observations of the
Galilean satellites at wavelengths shorter than 3000 Angstroms
was done from space using IUE's precursor, the 0ORO-2 spacecraft.
la was found to have an extrenely low ultraviolet geonetric
albedo (3% at 2590 Angstroms) . This is in marked contrast to its
very high albedo at longer wavelengths (70% at visible [|ight
wavel engths} . This result was SO unusual that it remained in
doubt wuntil IUE confirmed it by neasuring |0 s spectrum In this
spectral range. Figure 6 shows an IUE spectrum of Io which
dramatically confirnse that Io’'s albedo rises by an order of

magni tude between 2000 and 3300 angstrons. Since that first




conf irmati on, IUE has namde an extensive study of the Gal i |ean
satellites at ultraviolet wavelengths. The cause of this albedao

change with wavelength is the presence af sulfur dioxide frost on

10”5 surface.

BROODEBAND GEOMETRIC ALBEDO

To calculate a geonetric albedo, the 7 Angstrom
resolution IUE information was averaged over three w de
bandpasses to reduce noise. These bandpasses are hereafter
referred to as Rands 1, 2, and 3. The wavelength ranges for these
bandpasses are 2400<Rand #1 <2700 Angstrons, 2800<Band #2 <3000
Angstroms, and 30004 Band #3 <3200 Angstroms. The geonetric
albedos of the Galilean satellites change as a function of the
satellite’'s orbital phase angle at the tine of observation, the
albedos derived from the three bandpasses have been grouped
according to the specific orbital phase angles at which the
observations were made. The term “leading side’ and ‘trailing
side’ to refer to orbital phase angles at or near %0 degrees and
270 degrees respectively. For this purpose, the leading side
i ncl udes observations between orbital phase 4% and 135 degrees
and the trailing side includes observations between 235 to 315

degrees.

Elnsert Table 1 herel

The data in Table I show that at ultraviolet wavel engt hs,




Io's trailing side has a higher albedo than it’'s |eading sidej
just the opposite of what is seen when Io is observed at longer
wavel ength. This reversal irr brightness associated with orbital
phase behavior is nore pronounced for Io than for any other
object in the solar system and proves to be inportant in efforts
to determine the surface conposition variation in |ongitude
across Io's surface.

The orbital phase curves (the variation of the disk inte-
grated brightness as a function of orbital phase angle) of the
Balilean satellites have been quantitatively studied in ground-
based observations for nore than five decades. Recent review of
the data reduced to the wavelengths observable from earthbased
observations has found that the albedos of Io, Europa and
Banymede all are higher on the I|eading henispheres than on the
trailing hem spheres. At the sane wavelengths Callisto’s trailing
5ide albedo is higher than it'5 |eading side albedo.

For Io, shortward of the IUE bandpass #3 (“3200 Angstroms)
Io's |eading hem sphere is less reflective than its trailing
hem sphere. This absorption on Io’'s leading side is sonmewhat
stronger in band #2 (“2900 Angstroms) and still stronger at IUE
band #1 (~2500 Angstrons). Therefore, it can be directly inferred
from the Io data that there is a longitudinally asymetric
distribution of a spectrally active surface component on Io’'s
surface. The material is strongly absorbing shortward of ~ZI200
Angstroms and is strongly reflecting longward of that wavel ength.
It is in greatest abundance on the |eading hem sphere of 1Io and
it is in least abundance on the trailing hem sphere. This is

cronsistent With the expected behavior of S0, frost being present




in greater abundance on lo's leading hemn sphere.

The band #3 data show a large amount of variation in the
albedo of Io’s |eading henisphere conpared to the other satel-
lites and when conpared to it’'s trailing hemi sphere. Because a
spectral absorption +feature has been identified in the spectral
region under consideration, this variability my be due to redis-
tribution of SO frost - on Io’'s surface. The variations from one
observation to the next (which may be separated by a period of a
few hours) show this variability and this may indicate that the
timescale for redistribution of this material is short, perhaps
shorter than a few wours.

Europa and BGanymede exhibit a variation in brightness at IUE
wavel engths with orbital phase that is in the sane sense as the
variation reported at the Vvisible wavelengths: at all wavel engths
these objects are brighter on their leading sides than on their
trailing sidesns. A gradual decrease in brightness toward shorter

wavel engths occurs on both hem spheres o-f both objects.

Groundbased observations of Callisto have found that its
albedo varies With orbital phase angle. in the opposite sense to
that of Europa and Ganymede (i.e. its trailing side has a higher
albedo than it's leading side) . This is also true at the three
| UE wavelengths. The aibedo of Callisto decreases shortward of
5500 Angstroms and although the IUE bandpasses and its albedo at
all wavelengths is 1lower than the albedo of Europa and Ganymede.

G oss UV albedo changes are apparent on all four objects and

that these contrasts ar-e most pronounced when approximtely



opposite henmispheres which are centered at orbital phase angles
at or near eastern and western elongation (92 degrees and 270
degrees orbital phase angle) are conpared for a given object.
These albedo differences between individual hem spheres of each
object inply that differences in chem cal conposition exist
across the surfaces of each object.

The ultraviolet spectral signature of these different
absorbing materials on a satellite’s surf-ace becomes apparent
when the spectra of the opposite hem spheres of each object are
ratioed. The individual spectra taken at or near one hem sphere
of a given object are co-added and ratioed to simlarly co—added
spectra of the opposite hemi sphere. In the case of Io and
Callisto, the leading/trailing side ratio is shown. In the case
of Europa and Ganymede, the trailing to |eading side ratio
spectrum is shown. This has been done in order to display all
spectrally active absorbers in the sane sense as is comonly seen
in catalogs of reflection spectra of possible planetary surface
constituents. The resulting opposite henisphere ratio spectra are
shown in Fig. 7 for the four satellites. All the ratio spectra
have been normalized at 2700 Angstroms.

The leading/trailing side WV spectral ratio for Io is shown
in Fig. 7a. The ratio spectrum indicates that a strong spectrally
active UV absorber is asymetrical 1y distributed across Io’'s
surface. The absorbing material is characterized by a strong
absorption shortward of 3Z00 Angstrons, and is distributed in
greater abundance on Io’'s leading side than it’'s trailing side.

The trailing/leading side UV spectral ratio for Europa is

shown Iin Fig. 7b. |-his ratio spectrum shows that Europa's



opposite hemispheric UV ratic spectrum is characterized by a
broad weak absorption centered at approximately 2800 Angstroms.
The spectral absorption is relatively stronger on Europa s trail-
ing henisphere conpared to its |eading hem sphere.

The trailing/leading side ratio spectrum of Ganymede is
shown in Fig. 7 c©.The opposite hem spheric WV ratio spectrum of
Ganymede is characterized by a weak spectral absorption beginning
at ~3200 Angstroms which gradually increases in absorption down
to 2600 Angstroms. The absorption is nore pronounced on
Ganymede's trailing henisphere than on it‘s |eading henisphere.

The leadiny.trailing side ratio spectrum of Callisto is
shown in Fig. 7d. The ratio spectrum indicates that indicates
that Callisto has no UV spectral asymmetry.

The geonetric albedos, spectral reflectance, of the Gali-
lean satellites in the |UE spectral range have been well
determ ned. This information can be integrated to develop new
nodels (and test existing ones) of the satellite surfaces. These
efforts have identified specific surface conponents on the
satellite’'s surfaces, test for the UV spectral conpatibility of
other materials that night be suggested by spectrophotometri c
observations at 1longer wavelengths, and to suggest possible
bounds on the texture of the materials conprising the surface
regolith.

Nith the exception o-F Io, infrared observations of large
airless satellites in the solar system have reported that a
principal surface conponent is water ice. However, the icy

Galilean satellites are distinguished from the icy satellites of




Saturn and Uranus by their very low geonetric albedo at

ultraviolet wavelengths and the very |low UV/IR color ratio Yet
pure water ice is characterized by high reflectivity at |UE
wavel engths and therefore the low UV albedos reported for the
Galilean satellites in Table 2 of this study require the presence
of additional surface conmponents on Europa, Ganymede and Callisto
that are UV absorbing. The nost I|ikely darkening agents are
elemental sulfur and sulfur bearing compounds originating from
the very young and active surface of 1o which are transported as
ions and neutrals outward from Io's orbit by Jovian
magnetospheric processes. These energetic ions and neutrals
interact with the icy surfaces of Europa, Ganymede and Tallisto
and cause the ices t0 hecome darkened at UV wavelengths. This
process competes With other processes of surface nodification
such as infall of interplanetary debris.

At the IUE wavelengths, the geonetric albedo of both the
|l eading and trailing hem spheres of 1Io is the lowest of the four
Balilean satellites (Table 1). Io's UV/near~IKR color ratic is the
lowest of all the large satellites in the solar system The areal
coverage by W absorbing material (s) is extrenely |arge. For
exanple, given the |eading side UV albedo (Band #1) that has been
determned +or Ioc with IUE then, if nost of Io’'s surface were
covered by material of ™i% albedo, at best only ™“2% of the sur-
face could have an alibedo as high as ~50X.

Groundbased spectrophotometry has shown that Io has a strong
absorption feature in the 4000-3000 Angstrom range and on the
basis of a simlar spectral absorption observed in the |aboratory

reflectance spectrum of elemental sulfur this material was




proposed as a surface constituent. Allotropic fornms of elenental

sul fur other than $Sg, the most common allotrope, provide inproved
agr eenent between astronomi cal observation and |aboratory
spectral reflectance neasurenents. The presence of these
allotropes might indicate an interesting col or —nor phol ogy
relationship for selected Io surface features seen in the Voyager
images. Evidence for the presence of sulfur hearing compounds on
Io surface is quite strong and this is consistent with the 4000-
5000 Angstrom absorption feature and with the |ow WY albedo found
by IUE.

Observations of Io in the infrared have identified a strong
absorption band at 4.08 mcrons and on the basis af |aboratory
spectral reflectance measurements this feature has been
attributed to sulfur dioxide frost. The source of the frost is
most probably a condensate of sulfur dioxide gas which has been
detected in the Io volcanic plunes.

The IUE observations confirm presence of a strong spectral
absorption feature shortward of 3000 Angstroms and show that the
strength of this feature wvaries as a function of |ongitude across
Io’s surface. Laboratory spectral refl ectance neasurenments of
sul fur dioxide frost have found that it is characterized by an
absorption feature at this wavelength. The |aboratory spectral
reflectance of sulfur dioxide frost increases slightly toward
shorter wavel ength between ~2900 and 2500 Angstrons. This change
is also evident in the Io spectra shown. Furthernore, the spectra
shown and the orbital phase curves denonstrate that the strength

of the UV absorption is variable. This confirms the conclusion



based on prelimnary I1UE data that the strength of this
absorption feature is S0-7Y5% stronger at longitudes ~70-Y150
degrees than it is at |ongitudes ~250-“330 degrees. Therefore the
sulfur dioxide condensate is asymetrically distributed in

| ongitude across Io's surface, it being nore abundant on the
leading wside than on the trailing side.

The UV geonetric albedo of Europa is the highest of all the
Galilean satellites. While IR observations report that water ice
is a major suwface conponent of Europa's surface, the relative
depths of the water bands suggest that another absorber nay be
present. Furthernore as noted previously, the UV albedo of this
object is too low on either henisphere for large areas of the
surface to be explained by water ice alone. Another mterial that
is UV absorbing nust be present.

This absorption Ffeature is due to the presence of isolated
sulfur atoms in a mtrix of water ice which conprises most of
Europa’s surface. The sulfur atonms are inplanted in the ice as a
result of their notion as ions in the Jovian nagnetosphere. 10 is
the most probable source of the sulfur. This feature has been
constant over the SiX years o-f IUE observations.

The WV geonetric albedo of Ganymede is lower than that of
Europa. 1If IR spectroscopy measurements indicate that water ice
is the principal surface conponent then Ganymede’'s |oOw albedo
inplies that other spectral absorbers must be present. Eecause
Ganymede ‘s albedo is lower than that of Europa, the surface
regolith of Ganymede has a higher ratio of UV absorber to water
ice than does Europa. wamination of the broadband geonetric

albedos at the three IUE bandpasses (Table 1) indicates that the




slope of Ganymede’'s spectral reflectance at the three 1UE
bandpasses is much flatter on it5 trailing side than on it’'s

| eading side. This implies that spectrally active UV absorbers
are present in greater abundance on Ganymede’'s trailing side than
on it’s leading side.

Inspection of the trailing to leading side ratio spectrum
(Fig 7c) as a function of longitude, indicates that at |ongitude
“v120-180 degrees Ganymede is more absorbing shortward of 2800
Angstroms than at ™~300-330 degrees. The cause of these
absorptions i s unknown.

The WV geonetric albedo of Callisto is the lowest of all the
Galilean satellites. This inplies that water ice resurfacing
processes mmy be occurring at a lower- rate than on Europa and
Ganymede or that the flux of UV absorbing nmaterial falling onto
the surface of Callisto IS higher than on the other icy Galilean
satellites. In either case, the anount of UV absorbing materi al
on Callisto’s surface is greater than that on Europa and Gany-
mede.

Inspection of Callisto’'s opposite hem sphere UV ratio
spectrum indicates that there are no spectrally active W
absorbers on Callisto. Given that the hem spheric UV albedo
differences on Callisto are in the same sense as the visual
albedo hem spheric differences then one nmaterial nmay be
responsible +for both absorptions. Water ice contam nated by trace
amounts of elenental sulfur is not inconsistent with this

observation although a host o-F other possibilities exist.




THE SATURN | AN SATELLI TES

Buanti tati ve spectrophotometri ¢ studi es of most Saturnian
satellites wusing groundbased telescopes undertaken during
concurrent with the launch of IUE. Up until then, the only
Saturnian satellites that had been subjected to extensive
observati on were the two most unusual planetary satellites,
Iapetus arid Titan. Iapetus has a pronounced |eading ta trailing
hem sphere albedo asymetry that is the |argest by far of any
satellite in the solar system and first was reported by Cassini ,
the satellite’'s discoverer, in 1671. Titan is also unusual and
was known to have a thick nethane atnosphere.

| -he groundbased observation% con-firm that aii these
satellites, like the Galilean satellites and the” earth’s Mon,
are in synchronous rotation.fAt visual wavel engths, Tethys, Dione
and Rhea all, have leading side albedos that are 10-20 % higher
than their trailing sides, which suggests that | ongitudinal
differences in chemical/mineralagical abundance and/or
composition in the optically active regoliths of these objects.

The hem spheric albedo asymmetry of Iapetus at visual
wavel engths is extremely large (the trailing side is brighter by
a factor of Sy and the cycle to cycle repeatability is variable
which has been interpreted as being caused by the effect of
different scattering properties of the optically active regoliths
of the two very different hem spheres.

Infrared observations of the l|arge satellites of Saturn have
identified water ice as the principal absorbing specie conprising

the optically active surface of Tethys, Dione, and Rhea and the




trailing (bright) hem sphere of Iapetus. The |eading (dark)
hem sphere of Iapetus does not show spectral features consistent
with water ice and has an infrared spectrum that is featureless.

The albedo of water ice alone is too high for the surfaces
of the satellites to be covered only be this material. 0Other
material (s) must be present in varying amounts in order to ex-—
plain the albedas of all the Saturnian satellites. In the case of
the dark hemisphere of fapetus, the darkening material is most
probably the dom nant specie on the surface. bservations at
i nproved spectral resolution and extended spectral range are
required io identify these absorbers on the surfaces of the
Saturnian satellite.

A limted nunber of observations of the Satuwrnian satellites
with IUE were undertaken. The ultraviolet geonetric albedos for
the Saturnian satellites were calculated for the three IUE
wavel ength bandpasses using the sane nethod as was used for the
Galilean satellites. These are shown in Table 2.

CLInsert Table I1 herel

The UV albedo of Tethys (“&60%) is the highest of the
Saturnian satellites and this conparable to the high visual
albedo reported by WVoyager and agroundbased visual filter albedos.
The leading =side of Dione is ™10 %brighter than its trailing side
which is sonewhat 1less than the ~30% hem spheric albedo bright-
ness variation reported from groundbased V wavel ength observa-
tions. The leading side of Rhea is ™~40% brighter than its
trailing side at the IUE wavelengths. This is nore than the “20Z%

observed from the dground at V wavelengths.



The W al bedo of Iapetus is consistent with the al bedos

reported at longer wavelengths from groundbased observations and
the Voyager spacecraft. 1In the W, as in the visual, the leading
side of lapetus is extrenely absorbing, and the trailing side is
conparable to the trailing side albedos of other Saturnian
satellites. The leading side albedo is at least 7 times less than
the trailing side at the IUE wavelengths. This is greater than
the 5 tines darker reported at visual wavelengths. The spectral
absorber which darkens the 1eading hem sphere of Ilapetus is mare
absorbing toward shorter wavelengths. Efforts to identify this
absorber should +focus on a sinlar decrease in ivriectance in the
| aboratory spectrum of any candidate absorber.

The broadband UV albedos reported by |UE observations of the
Satuwrnian satellites confirns the suggested differences in chemi-
cal/mineralogical conposition on Dicone, Rhea and Iapetus that the
longer wavelength observations imply. In the case of Dione these
observation% indicate that there are no strong W absorptions in
the wunidentified materials on the satellite’'s surface. In the
case of Rhea and Iapetus, the UV absorption becomes greater
toward shorter wavelengths. Thi5 may be a gradual decrease in
reflectance or may be the effect of an absorption band. |f such
absorption occur at the |IUE wavelengths they should be detect-
able in the apposite hemnispheric spectral ratiaos as occurred in
the case of the Galilean satellites most notably on Io.

The individual spectra for each object are few im nunber and
quite noisy when conpared to spectra of the nuch brighter Gali-

lean satellite. For the sake of conparison, the spectral ratios




(normalized at 2700 Angstroms) are presented (unsmoothed) in
Figure 8 a,b,c for Dione, Rhea and Iapetus respectively.

Fig. 8 a is the ratio spectrum of Dione's |eading side to
it’5 trailing side. The ratio spectrum suggests the presence of a
very sliight absorption feature centered at “2700 Angstroms and
perhaps a second feature shortward of ™~2600 Angstronms. Neither of
these absorption are significantly above the noise to permit a
positive confirmation of their existence.

The ratio spectra of Rhea’s leading side to it°'s trailing
side is shown in Fig. 8 b. The noise level in the data is
unusually high given that Rhea is brighter than Diene and the
number ¢ f observations is greater. Given the hi«_;;h | evel of noise,
no absorption +eatures can be inferred, in spite of the fact
that the albedo asymetries reported for Rhea at the IUE
wavel engths are different than those reported at visual
wavel engths which is suggestive of an absorption feature being
present sonewhere in the 2600-5600 Angstrom range.

The ratio spectrum of the |eading hem sphere of Iapetus to
its trailing hem sphere spectra is shown in Fig. 8 C Al though
there is a very great difference in albedo between the two
hem sphere (a factor of 7 at the IUE wavelengths) , the
differences in spectral reflectance are very slight. & possible
absorption feature at “~3000 Angstroms i S suggested. However
given the noise level of the data the existence of this feature
should by no neans be considered certain. However since the
hem spheric albedo rat ioc does increase at the |UE wavelengths
conpared to the visual wavelengths, the possibility of an

absorption feature somewhere between 2400 Angstroms and 5600




a4

angstrons can be inferred.

THE URANIAN SATELLI TES

The five nmajor satellites of thanus, Mranda, Ariel,
Umbriel, Titania and Oberon, are a suite of icy satellites that
are situated at about the limit at which IUE can confidently
return spectral information. They are so faint that i-t is not
even possible to divide the IUE wavelength range into several
bands as was done with the Jovian and Saturnain satellites. All
the spectral information is integrated into one wavelength range
and a geonetric albedo can be determ ned.

The Uranian satellites are in an orbital plane that is
parallel with the Uranian eguator, and the pole of Uranus’ orbit
is tilted such that, at the present time it is pointed toward the
earth. Therefore only the poles of one henisphere of the
satellites of Uranus are observable with IUE, and hence it is not
possible to construct orbital phase curves and leading/trailing
side ratio spectra.

IUE was able to observe (Gberon, Uranus’ brightest
satellite. The IUE result proved to be an inportant and
i ndependent confirmation of results from the Voyager
phot opol ari net er experinment. The wultraviolet geonetric albedo of
Oberon was found by IUE to be 0.19 +/- ©.025 an excellent

confirmation of the earlier Voyager FPS result of 0. 17.

DISCUSSION



The results of |ILJE observations of planetary satellites
reported above can be integrated with the results of grocundbased
and spacecraft observations of the families of large planetary
satellites in the solar system to gather sonme information
regarding conparative planetology of l|arge solar system satel-
lites. The data set conprises observations of the Galilean,
Saturnian and Uranian® satellites all of which are quite large and
each set of which has been subjected to different processes of
surface evol ution.

The geonetric albedos of the Saturnian satellites indicate
that throughout the Saturnian system, there is wde variation in
UV geonetric albedo ranging +rem a high of ™0.6 for Tethys to a
low of ©.03 for lapetus. The icy Galilean satellites Europa,
Ganymed;e and Callisto all have |low UV geometric albedos. The
Voyager FPhotopolarimeter (FFS) experinent reported |ow WV albedos
for the Uranian satellite. However, the FFS experiment reported
that the Uranian satellite near IR albedaos are alsoc quite |ow
The Galilean satellites, with similar low U albedos have high IR
albedos. These photonetric relationships are displayed in Fig. 9
which is a plot of UV albedo vb5. UV/IR color ratios for the
Galilean, Saturnian, and Uranian satellites. The Galilean and
Saturnian satellite results are from IVE and the tranian
satellite results are from the Vovager FFS5. For the Galilean and
Uranian satellites, each set of pbjects falls in a very close
range of UV-UV/IR albedo plots. This is not true for the
Saturnian satellites. This indicates that the surfaces of the

Galilean and Uranian satellites are each nmodified in a manner
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that is common to surface nodification processes which are unigque
wWith respect to the primary body. The Saturnian satellites
apparently have mno conmon surface nodification process or it is
possible that process has been overwhelnmed by other processes

whi ch make each satellite in the Saturnian system a class unto
itself.

While water ice is common to all these objects (except I1S),
the additional spectral absorbers which are present on the sur-
faces of the icy Galilean satellites are different from those
which are on the surfaces of the Saturnian and Uranian satel-
lites. In the case of the Galilean satellites, the darkening
agent is nost likely sulfuwr or sulfur bearina conpounds which
originate -from the highly active surface of Io and spiral outward
as ions trapped in Jupiter’s magnetic field and ultimtely inpact
the surfaces of the other satellites. In the case of the Uranian
satellites, the common surface nodification process may be due to
hydrocarbons which are formed on the surface over time, although
no positive spectral identification of any particular specie has

been nmade.

COMETS

Observations of comets at ultraviolet wavelengths were +First
acconplished by sounding rockets the OA0 satellite prior to the
launch of IUE. These observations established the emssion of
hydroxyl ion at near the limt of groundbased observations 30BS
Angstronms. This is consistent with a principally water ice

cometary conposition of which hydroxyl ion is a daughter product




of exposure to solar radiation.

Since its |aunch IUE has ochserved more than two dozen comets
at and its photonetric constancy has provided an ability to
intercompare observations of conets which appeared several years
apart. Those observed range from short period comets wth
aphelion near Jupiter to long period conets which may be first
time wvisitors to our solar system.

All of the conets observed by IUE have identified the 30BS
Angstrom hydroxyl line and it is indeed consistent with water ice
being a major part of ceometary conposition. Wile all comets
appear to have common principal conpositional conponents (water)
each has different trace conmponents and theyalsoc have different
dust to gas ratios. |UE observations have been able to
di stinguish these differences. Several comets that were observed
over a long period of time exhibited differences in their dust to
gas ratios from one observation to the next consistent with a
variation as a function of heliocentric distance. Wile water ice
is the major conetary constituent, smaller but detectable anpunts
of other ices are present and common to all conets including
carbon dioxide, ammonia and nethane.

IUE has also identified species which are unique to
particul ar conets. pAmong the most unusual of these was the first
detection of diatomic elenental sulfur in a comet. The diatomis
sulfur was first seen in the in the IUE spectrum of conet IRAS-
Araki-Alcock. Figure 10 b shaws an IUE spectrum of the conet and
the position of the 52 enmission lines are shown. The upper part
of the figure shows +the spectrum of the area near, but not

centered on, the comet and the emission lines of sulfur are




absent. This indicates that the lifetine of the diatamic sulfur
in the conetary atnosphere is quite short. Based on this
information it is estimted to be about S00 seconds. This makes
sulfur a useful tracer of the dynmamics of the tenuous conetary
at nosphere which appears during the short tine that the comet is
near the sun.

VI.CONCLUST ON

The I1UE spacecraft has provided the astrononical communi ty
the first stable long term observing platform in space where it
has been able to easily access regions af the spectrum that are
unaccessablle from telescopes on the earth’s surface. It has been
able to observe every solar system obiject except the sun and
Mercury. These observations have led o inportant new discoveries
and have provided inportant tests of physical models which have
been devel oped based on groundbased observations.

The lifetine of IUE will soon be conplete. Mich of its
observing capability has. been surpassed by the Hubble Space
Tel escope. Assuming that Hubble will also be followed future
spacecraft, then 1IUE represents the beginming of the continuous

nmonitoring by humans of celestial objects from earth orbit.

Acknowl edgement s

I would like to thank the IUE staf+ astronomers and the Director
of the IUE observation Dr, Yoiji Kondo for the nmany discussions
which provided the background for this manuscript. This wrk was
carried at the Jet Propulsion Laboratory under contract wth

NASA .




A

Ribl i ography

A’ Hearn, M F. , D. B. schleicher, Boggess, A. gnd R« Wil son. in

‘Exploring the Universe with the IUE Satellite’, Y. kKondo ed. D.

Reidel, Dordrecht, 1987.

Davis, R. J., W. A.beutschman, C A. Lindguist, Y. Nozawa, 5- D.
Bass, 1972. in The scientific results from the Obiting

Ast ronom cal Qbservatory 0A0-2, A.D. Code, ed, NASA SP-310 1.
Falker, F. , F. Gorder, and M.C.W. Sandford, in Explaring tpe
Universe with the IUE Satellite’, Y. Kondo ed. D. Reidel,

Dordrecht, 1987..

Feldman, P. D., H. A. Weaver, and M. C. Festou, Icarus, 60, 455,

1984.
Festou, M. C. and P. D. Feldman, in ‘Exploring the Universe wth
the IUE Satellite’, Y. Kondo ed. D. Reidel, Dordrecht, 1787.

Kondo, Y. , 1990. in Qoservatories in earth orbit and beyond, Y.

Kondo, ed. Kluwer, Dordrecht.

Moos, H. W , and Th. Encrenas, in 'EXxploring the Universe wth

the IUE Satellite’, y. Kondo ed. D- Reidel, Dordrecht, 1787.




40

Nel son, R. M and A. L. Lane, in ‘Exploring the Universe wth the
IUE Satellite’, Y. Kondo ed. D. Reidel , Dordrecht, 1987.
Nelson, R M in Proceedings of conference thke Universe at

ultraviolet wavelengths—Four Years of IUE. NASA CP-2238

Melson, R.M. , A. L. Lane, D. L. Mitson, F. P. Fanale, D. B. Nash,

T. V. Johnson, Science, 210, 784, 19B0.

Skinner, T. E. , 8. T. Durrance, F. D. Feldman, and H W. Mbos,

Astrophys. J. |, 25, L23, 1983,




Table |

Spacecraft Dimensions 417cm long X 1453cm octagonal cross section

Orbit Semi mgjor axis 42162 km
Perigee 27616 km
Apogee 43953 km
eccentricity ©0.1937

inclination 29.76 degrees

Telescope 43 cm dianeter, /15 Ritchey-Chretian

Spectrographs
short 1150-2000 angstroms
long 1900-3200 Angstroms
H gh Dispersion 0.1 to 0.3 Angstroms

Low Dispersion 7 Angstroms




Io (L)
Io (T)
Europa <L)

Europa (T)

1

Ganymede (L)

Ganymede (T
Callisto (L)

Callisto (7T

L=Leading side

T=Trailing side (235{0<315

N=Number

of

Gal

U traviol et

E1
1.85+-0.1 (N=34)

2.8+-0.2{N=28)

8.0+-0.4 (N=22)

F.b+—0, 2 (MN=31)

12.8+-0.7 (N=284)

7.04+-0.3(N=16)

4.04+~-0.8(N=15)

S. 5+-0. 2 {N=26)

observati ons

Ceonetric

TABLE | |

ilean Satellites

3.0+-0.5(N=24 )
26.0+-1.0(N=18)
12.9+-0. 4 (N=33)

16.8+-0.9 (N=20)
7. 54+—0. 04 (N=16)
4.9+-0. 1 (N=13)

H.44+-0. 02 (N=Z1)

{45<0< 135 deqgrees)

degr ees)

Albedos (L)

B3
4.2+-0.1{N=27)

3. 8+-0,. 3 (N=27)
37.0+-2. O(N=24)
17. 1+-0.6(N=28)

20.0+—0, 1 (N=20)
10.54+-0.8(N=17)

6.6+~0,02{(N=14)

10.54+-0.B({N=264)




TABLE |||
Saturni an Satellites

U traviol et CGeonetric HAlbedos ()

BRand#1 Band#2 Band#3
Tethys (L) 61 (N=1) 61 (N=1) 62 (N=1)
Dione (L) 27+-0.04 (N=5) 227+-0.03 (N=5) 29+-0.04 (N=3)
Dione (T) 22+-0.03 (N=4) 27+-0.02 (N=2) 26+-0.04 (N=4)
Rhea (L) 26+-0.05 (N=10) 27+-0.05 (N=8) 304-0.06 (N=%)
Rhea (T 16+~0.09 (N=4) 19+-0.09 (N=4) 224-0.12 (N=4)
Tapetus (L) 34-0.009 (N=5) 3I+-0.001 (N=2) F+-0.002 (N=5)
Iapetus(T) 214+-0.01 (N=4) 24+-0.01 (N=2) 25+-0.02 (N=4)

L=Leadi ng Side {(43<0<135 Degrees)
T=Trailing side (235<0<31% Degrees)

N=Number of observations




Captions to Figures

Figure 1. The |UE spacecraft in an assembly facility shortly
before |aunch. The spacecraft is surrounded by reflecting
insulating film for thermal control. The tw solar arrays are

shown extended from opposite sides of the spacecraft.

Figure 2. An artist’s conception of how the IUE spacecraft might

appear is observed while in orbit.

Figure X. The dotted line ‘shows the spectral geonetric albedo of
Jupiter as obtained from IUE. The so'id line is a best fit from a
conputer nodel which was run assuning a single scattering albedo
for haze particles to be 0.42 which overlie a cloud deck of

geonetric albedo 0.25.

Figure 4. The IUE identification of acetylene absorption

(arrows) in the atnosphere of Jupiter.

Figure 5. The spectral geonetric albedo of Saturn as observed by

IUE.

Figure 6. Spiectral geonetric albedo ot Io as observed by | UE
The strong increase in reflectance longward of 3000 A is
consistent wWith Sulfur dioxide frost being present on Io’'s

sur f ace.

Figure 7. The ratio of the IUE spectra of the opposite




hem spheres of the 9al ilean satellites. From top to bottom they
are Io (leading side to trailing sidey , Europa (trailing side to
| eading side), Ganymede (trailing side to leading side), and
Callisto (leading 5ide to trailing =ide). The ‘differences in the
spectra of the opposite henispheres of these objects are due to
material being assymetrically distributed inm longitude on the
surfaces of these objects. All these rations have been nornalized

at 2700 angstrons.

Figure 8. |-he ratio of the IUE spectra from the opposite

henm spheres of the Saturnian satellites. From top to bottom the
are Dione (leading side to trailing side) , Rhea (leading side to
trailing side), lapetus (leading side to trailing side). Although
water ice is present on the surfaces of all these objects other
spectral absorbers are present and the materials which cause

these absorptions have not been unanbiguously identified.

Figure 9. The color ratio ws. nean ultra violet geonetric albedo
of the satellites of Jupiter, Saturn and Wranus. The clustering
of the Jovian satellites and the Uranian satellites on this plot
is consistent with them having sinmilar conpositions or surface
nodi fication processes. The Saturnian satellites are not entirely
alike. This IS consistent Wwith there being mpjor differences

between these objects.

Figure 10. Two IUE spectra of conet IRAS-Araki_Alcock near

peri helion passage. The |ower spectrum has the conet directly



centered in the IUE aperture and shows the strong and unusual
em ssion from diatomic sulfur. The upper spectrum was taken with
the comet slightly displaced in the aperture and it shows the

emssion of CS and hydroxal in the comet 's conm.
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